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(g) Catalyst system for polymerization of 1,3-butadiene to trans-1,4-polybutadiene. 



(g) Trans-1.4-polybutadiene is a thenmoplastic resin rather than a rubber at room tefriperature by virtue of 
Its high degree of crystallinity. Because trans-1 Apolybutadiene contains many double bonds in its 
backbone, it can be blended and cocured with rubbers. It is accordingly an attractive alternative to 
conventional fillers such as carbon black, which are typically utilced in compounding rubber. By 
utilizing the catalyst system and techniques of this invention. trans-IApolybutadiene can be syn- 
thesized at a high level of conversion. This invention speciHcaliy relates to a process for the synthesis of 
trans-1.4-polybutadiene by an anionic polymerization process which comprises: (a) adding an 
organoiithium compound and an alkali metal alkoxide as a catalyst system to a polymerization medium 
containing 1,3-butadiene monomer and an organic solvent; and (b) allowing the 1,3-butadiene 
monomer to polymerize at a temperature which is within the range of about -10'C to about 45X to 
produce the trans-1,4-polybutadiene. 
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1. 



Background of the Invention 

Trans-1 .4-polybutadiene (TP3D) is a thenmoplastic resin by virtue of its high level of crystaliinity. Because 
it contains many double bonds in its polymeric backbone, it can be blended and cocured with rubber. TPBD is 
5 similar to syndiotactic-1,2-polybutadiene in this respect. 

TPBD is normally prepared utilizing transition metai catalysts or rare earth catalysts. The synthesis of TPBD 
with transition metal catalysts is described by J. Boor Jr., 'Ziegler-Natta Catalysts and Polymercations", 
Academic Press. New York. 1979, Chapters 5-6. The synthesis of TPBD with rare earth catalysts is described 
by D. K. Jenkins, Polymer. 26. 147 (1985). However, molecular weight control is difficult to achieve with such 
10 transition metal or rare earth catalysts and monomer conversions are often very modest. 

Better molecular weight control could be achieved by utilizing an anionic polymerization system to produce 
the TPBD. There is typically an inverse relationship between the catalyst level utilized and the molecular weight 
attained when anionic polymerization systems are used. Such an anionic polymerization system is disclosed 
in United States 4.225,690. The catalyst system disdosed therein is based on a dialkyimagnesium compound 
15 which is activated with a potassium alkoxide. However, only a minor amount of the polymer produced with such 
dialkyi magnesium based catalyst systems is TPBD. In other words, the small amount of TPBD produced utili- 
zing such catalyst systems is always accompanied by major amounts of hexane-soluble polybutadiene of mixed 
microstnjcture. ~ 

20 Summary of the Invention 

The present invention relates to a technique for synthesizing TPBD at high levels of conversion by an 
anionic polymerization process. This anionic polymerization technique is attractive because molecular weight 
can be controlled by simply varying the catalyst level. It is also attractive because higher molecular weights 
25 can be obtained than can be reached utilizing typical coordination catalysts. 

The subject invention discloses a catalyst system which can be utilized in the polymerization of 1,3-buta- 
diene monomer into trans-1, 4-polybutadiene. said catalyst system being comprised of an organolithium com- 
pound and an alkali metal alkoxide, wherein the molar ratio of the organolithium compound to the alkali metal 
. alkoxide is within the range of about 2:3 to about 1:10. 
30 The present invention further discloses a process for the synthesis of trans-1 ,4-polybutadiene by an anionic 

polymerization process which comprises polymerizing 1.3-butadiene monomer in an organic solvent at a terrv 
perature which is within the range of about -iO°C to about 45''C in the presence of an organolithium compound 
and an alkali metal alkoxide. 

The present invention more specifically relates to a process for the synthesis of trans-1, 4-polybutadiene 
35 by an anionic polymerization process which comprises: (a) adding an organolithium compound and an alkali 
metal alkoxide as a catalyst system to a polymerization medium containing 1,3-butadiene monomer and an 
organic solvent; and (b) allowing the 1.3-butadierie monomer to polymerize at a temperature which is within 
the range of about -10'*C to about 50*'C to produce the trans-1, 4-polybutadiene. 

40 Detailed Description of the Invention 

The polymerizations of the present invention will normally be carried out in a hydrocarbon solvent which 
can be one or more aromatic, paraffinic. or cycloparaffinic compounds. These solvents will normally contain 
from 4 to 10 carbon atoms per molecule and will be liquids under the conditions of the polymerization. Some 

45 representative examples of suitable organic solvents include pentane. isooctane, cydohexane. nomnal hexane, . 
benzene, toluene, xylene, ethylbenzene. and the like, alone or in admixture. However, the catalyst systems of 
this invention can also be used in bulk polymerizations. 

In the solution polymerizations of this invention, there will normally be from 5 to 35 weight percent mono- 
mers in the polymerization medium. Such polymerization media are. of course, comprised of the organic solvent 

50 and 1,3-butadiene monomer. In most cases, it will be prefen-ed for the polymerization medium to contain from 
10 to 30 weight percent monomers. It is generally more preferred for the polymerization medium to contain 20 
to 25 weight percent monomer. 

Polymerization is started by adding an organolithium compound and an alkali metal alkoxide to the polym- 
erization medium. Such polymerizations can be canried out utilizing batch, semi-continuous, or continuous 

55 techniques. In a continuous process additional 1 .3-butadiene monomer, catalyst, and solvent are continuously 
added to the reaction vessel being utilized. The polymerization temperature utilized will typically be within the 
range of about -10'*C to about 45'*C. It is normally preferred for the polymerization medium to be maintained 
at a temperature which is within the range of about O^'C to about 40*C throughout the polymerization. It is typi- 
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cally most preferred for the poiynierizaticn temperBture to be within the rnnge of about 10«C . .00. 

The pressure used w.ll normally be sufficient to maintain a substanUally liqu^ phase u der?hi ° 
the polymerization reaction. ^ conditions of 

The polymerization is conducted for a length of time sufficient to nprTT^if ose*^ .. 

The organoiithium compounds which can be utilized are normally r^m^nr^rr. r.i7 
organCithium compounds which are preferred can be eore n ed by tie f ^^^^^ "T""'" 
. a hydrocarbyl radical containing from 1 to about 20 carboratlvT.l!' ^ 

10 organolithium compounds will «ntain from 1 to about 10 ^bon atoms Som" "^°<^<^^-cUoml 
organolithium compounds which can be employed indude meth^lifhiur'.!h^>H^^ °' 
tyllithium. sec-butyinthium, n-octy<,.hium. ^eLZm:^Zt^^^^^^ ZZT.:^^^^^^ 
butylphenyllithium. p-tolyllithium. 4-pheny)buty)lithium cvdohe=^lZr"/K^? T' ^■"^P^'^y<'"hi"m. 4- 
lohexylbutyllithium. 4-butylcydohexy)lithium, and 4-cyc- 

is . As a general rule, from about 0.1 to about 2 mmoles oer 100 nramc ^. , ^- 

organolithium compound will be u.il^ed. It is normaHy pXed for he cr^Zl °' ''^ 

in an amount which is within the range of 0.2 to 1.5 mmdrpt^Too gZs o 1^^^^^^^ '° 
range of about 0.5 to about 1.0 mmoles per 100 grams of^onomer a^e most pre^e' ed 
- The alkali metal alkoxide will typically contain from about 2 to about 12 carbon ator,, if ic „ 

20 ferred forthe alkali metal alkoxide to contain from about 3 to about 8 carbon ato^Tifop ^ '"^ "'^ 

for the alkali met^l alkoxide to contain from about 4 to about 6 c^ on atoms po"^^^^^^ "'^^^-'^ 
.-pentoxide)isahigh,yprefe.eda,kalime.ala.koxidewhichcanbeuti,r^^^^^^^^ 

. aikorw-ss;^^^^^^^^^^^^^^ 

dependentupontheLlecularwelg^r^ill^e^rtrro:^^^^^^^^^^^ " 

30 --^^^ °' - '3 !rr:eS^p~'ir 

poiy:;r:r:rh:~^^^^^ 

typically has a trans-isomer content of about 80% to abou^ SrThfTpVn l"'''^' r'^" 
points. The Hrst melting point is within the range of about Ooc Jabo^ '^'^f"^ '"^"■■"^ 

35 within the r^nge of about 1 35-C to about 155'C. ^ "^^'^"9 

This invention is illustrated by the following examples which are mer^iv fnr th^ « . •■. . 

are not be regarded as limiting the scope of the inven'on or ^anne in wh h it Tn^^e^^^^^^^ 
specifically indicated otherwise, all parts and percentages are given by weight ' "'^ 

^ Examples 1>3 

. f "?roc/ 32 ounce (946 ml) septum sealed screw cap bottles were charned with 800 

ml of an 18.9% solution of butadiene in mixed hexanes These ^ol.,t!on« h,^ k ! cnarged with 800 

The bottles were maintained at a temperature of 10°C and mechanicallvshpkrpnfnr =0^1 ■ 
ofatleast18 hours. The Pol/merizadons were then shortstopped y in e1^ 

a 5% W/V soluUon of butylated hydroxytoluene (BHT) in hexane into e boWes Jhe TP3D t J celiln 

"'^ '^^ ^-'^ scat ng7 e ng ° h? rs^r 
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Table I 



n-bucyllithium/pocassium 
g-aayloxide (aolar rpr.' o^ 

2 1:3 



3 1:6 





Soluble 


TPBD 


Polymer 


Yield 


Yield 


93 Z 


3Z' 


98Z 


11 


802 


20Z 



compound to the alkali metal alkoxide was reducpri m ifi »h« . / 1 organolithium 

yrid atlamed was 98% w,lh only 2% o( .ha solubia polyma, being prodooed This Y ? 
s^s ,« b, „a o„a,vs, sys.a. o,«s i™»l„„ t'p'sd oaa ba s/a^raO 1^7;:^." « 



high yields. 
Example 4 



had melting points at 68»C and 150»C. produced 
Examples 5-7 

o,j:osr:,rr-:atr::s 



Table II 



n-bucyllithium/pocassium 
^^^'""^^ t-aavloxide (molar rar^•o^ 
5 1:2 
^ 1:1.8 
7 1:1.6 

Comparative Example 8 

The procedure described, in Example 3 was repeated in this experiment except for the polymerization tem- 
perature being increased to SOX. The yield of TPBD was reduced to about 10% L ^st o ^e pXer pr^ 

.rp2rr^:ei::r:rsT='?"^"'^"^-"'"-^'--'^-- 





Soluble 


TPBD 


Polymer 


Yield 


Yield 


38Z 


64Z 


A5Z 


58Z 


69Z 


30Z. 
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Comparative Examples 9-10 

In these experiments, the levei of potassium t-amylox:cs was reduced to a very low level with the general 
procedure described in Examples 1-3 being uiilized. The level of potassium t-amyloxide employed is shown in 
5 Table lil. 



Table 
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15 



Soluble 

n-butyllithiu3i/potassium TPBD PolvTner 
Example t-amyloxide (molar ratio) Yield Yield 
9 1:1.4 

10 1:1.3 



25Z 68Z 
OZ lOOZ 



20 As can be seen, when the ratio of n-fautyilithium to potassium t-amyloxide was increased to greater than 

about 2:3, yields were very poor. In Example 10. the polymerization resulted in the formation of only medium- 
vinyl poiybutadiene. 

While certain representative embodiments and details have been shown for the purpose of illustrating the 
present invention, it will be apparent to those skilled in this art that various changes and modifications can be 
25 made therein without departing from the scope of the present invention. 



Claims 

30 1. A process for the synthesis of trans-1 ,4-polybutadiene by an anionic polymerization process which is 
characterized by polymerizing 1.3-butadiene monomer in an organic solvent at a temperature which is 
within the range of -ICC to 45'*C in the presence of an organolithium compound and an alkali metal 
alkoxide. wherein the molar ratio of the organolithium compound to the alkali metal alkoxide is within the 
range of 2:3 to 1:10, and wherein the alkali metal in the alkali metal alkoxide is selected from the group 

35 consisting of potassium, rubidium and cesium. 

2. A process as specified in claim 1 characterized in that the polymerization is carried out at a temperature 
which is within the range of about O^C to about 40*C. 

40 3. A process as specified in claim 1 or 2 characterized in that the molar ratio of the organolithium compound 
to the alkali metal alkoxide is within the range of 1:2 to 1:8. 

4. A process as specified in claim 1 , 2, or 3 characterized in that the organolithium compound is an alkyilithium 
compound. 

45 

5. A process as specified in any of the preceding claims characterized in that the alkali metal alkoxide is 
potassium t-pentoxide. 

6. A process as specified in any of the preceding claims characterized in that the polymerization is conducted 
50 at a temperature which is within the ranee of 10°C to 30'C. 

7. A process as specified in claim 1 . 2, 3, or 4 characterized in that the alkali metal in the alkali metal alkoxide 
is potassium. 

55 8. A process as specified in any of the preceding claims characterized in that the molar ratio of the alkyilithium 
compound to the alkali metal alkoxide is within the range of 1:3 to 1:6. 

9. A process as specified in any of the preceding claims characterized in that the alkyilithium compound is 

5 
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n-buty!lithium. 
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